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Metabolic risk factors, such as obesity, fatty liver, high lipidemia, and diabetes mellitus are associated with increased

risk for nonviral hepatocellular carcinoma (HCC); however, few nonviral HCC studies have stratified patients according

to underlying etiologies. From 2005 to 2011, 3,843 patients with HCC were recruited into the Taiwan Liver Cancer

Network. Of these patients, 411 (10.69%) who were negative for hepatitis B virus (HBV), surface antigen, HBV DNA,

and anti-hepatitis C virus (HCV) antibody were classified as non-HBV non-HCV (NBNC)-HCC. Detailed clinical

analyses of these patients were compared with age- and sex-matched patients with HBV-HCC or HCV-HCC for the

associated metabolic risk factors. For this comparison, 420 patients with HBV-HCC and 420 patients with HCV-HCC

were selected from the 3,843 patients with HCC. Multivariate analyses showed fatty liver (by echography), high triglyc-

eride levels (>160 mg/dL), and diabetes mellitus history to be significantly associated only with NBNC-HCC and not

with the matched patients with HBV- or HCV-HCC. When the patients with HCC were further divided into four

groups based on history of alcoholism and cirrhotic status, the group without alcoholism and without cirrhosis exhibited

the strongest association with the metabolic risk factors. Based on trend analyses, patients with NBNC-HCC with or

without alcoholism were significantly different from the matched patients with HBV- or HCV-HCC, except for

patients with alcoholism and cirrhosis, in having more than two of the above three risk factors. Conclusion: Metabolic

risk factors are significantly associated with nonviral HCC, especially for patients without alcoholism in Taiwan.

Because the prevalence of viral HCC is decreasing due to the success of universal vaccination and antiviral therapy,

strategies for cancer prevention, prediction, and surveillance for HCC will require modification. (Hepatology Communica-

tions 2018;2:747-759)

H
epatocellular carcinoma (HCC) is the sec-
ond leading cause of cancer-related deaths
worldwide.(1,2) Major risk factors for HCC

include chronic viral hepatitis, cirrhosis, alcoholism,
alpha-toxin exposure, and nonalcoholic fatty liver dis-
ease (NAFLD).(1-4) HCC incidence varies geographi-
cally. In countries where liver cirrhosis is mainly
related to chronic viral hepatitis, such as Africa and

Asia, the HCC incidence is high.(1-4) In Western
countries, nonviral etiology (such as alcoholism or
NAFLD) is the main cause of liver cirrhosis and the
HCC incidence is low.(1-4) In Taiwan, hepatitis B
virus (HBV) infection is a major risk factor for
HCC.(5-9) As of 2015, HCC still ranked second
among the leading causes of cancer-related death in
men in Taiwan,(10) and researchers have estimated that

Abbreviations: anti-HBc, hepatitis B core antibodies; BMI, body mass Index; CHB, chronic hepatitis B; CHC, chronic hepatitis C; CHO, cholesterol;

DM, diabetes mellitus; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus;

NAFLD, nonalcoholic fatty liver disease; NBNC, non-hepatitis B non-hepatitis C; SH-HCC, steatohepatitic hepatocellular carcinoma; TG, triglyceride;

TLCN, Taiwan Liver Cancer Network.

Received January 5, 2018; accepted March 17, 2018.
Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep4.1182/full.

747

HEPATOLOGY COMMUNICATIONS, VOL. 2, NO. 6, 2018

http://orcid.org/0000-0003-0664-9372
http://onlinelibrary.wiley.com/doi/10.1002/hep4.1182/full


80% of HCC cases in Taiwan are related to chronic
viral hepatitis.(5-9) In 1984, Taiwan became the first
country in the world to establish a universal HBV vac-
cination program for newborns/infants.(11,12) HBV
vaccination has successfully reduced the incidence of
HCC in children and adolescents.(11,12) In addition,
antiviral therapy for HBV and hepatitis C virus (HCV)
has been practiced in Taiwan since 2003,(13-15) resulting
in a decrease in overall HCC incidence over the last
decade. From 2002 to 2012, the average annual percent-
age change was –1.1%,(16) and comparisons of the can-
cer registry data from 2011 and 2014 have shown that
the incidence rate has continued to decrease.(17,18)

Therefore, incidence levels of chronic viral hepatitis in
Taiwan are expected to decline in the long term, and
accordingly the incidence levels of HBV- and HCV-
related HCC are also expected to decrease.
However, with lifestyle changes and more western-

ized foods in Taiwan, the number of patients exhibit-
ing fatty liver and metabolic syndrome has increased
drastically.(19,20) NAFLD and metabolic syndrome

have been identified as risk factors for HCC, especially
for non-HBV non-HCV (NBNC)-HCC.(4,21-25)

Hence, patients with nonviral HCC may become a
significant HCC subgroup in Taiwan in the near
future. Therefore, the risk factors and mechanism of
carcinogenesis of nonviral HCC require further study.
The Taiwan Liver Cancer Network (TLCN) was

established in 2005 with the support of government
funding to systemically collect biosamples and clinical
information of patients with HCC from five major
medical centers across Taiwan (National Taiwan Uni-
versity Hospital, Linko Chang Gung Memorial Hos-
pital, Taichung Veteran General Hospital, Kaohsiung
Chang Gung Memorial Hospital, and Kaohsiung Vet-
eran General Hospital). The TLCN has published a
detailed viral hepatitis marker study of 3,843 patients
with HCC recruited from 2005 to 2011.(26) During
the recruitment, blood samples of all 3,843 patients
with HCC were routinely examined for viral markers,
including HBV surface antigen (HBsAg), HBV
DNA, HBV genotype, and anti-HCV antibody. For
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patients who tested positive for anti-HCV antibody,
examinations for HCV RNA and HCV genotype
were also performed. These viral marker data were
used to sort the 3,843 patients with HCC into four
groups: HBV-HCC (2,153 patients, 56.02%), HCV-
HCC (969 patients, 25.21%), B1C-HCC (310
patients, 8.07%), and NBNC-HCC (411 patients,
10.69%). The incidence of cirrhosis was lowest
among the patients with NBNC-HCC (only 24.57%)
compared with the incidence among patients from
the other three groups of HCC: HBV (42.45%),
HCV (52.22%), and B1C (53.55%). The category
NBNC-HCC indicated that a patient tested negative
for all three viral markers: HBsAg, HBV DNA
(undetectable), and anti-HCV. In published reports,
the diagnosis of NBNC-HCC only required negative
results for both HBsAg and anti-HCV,(27-34) and
tests for serum HBV DNA were not performed. In
this study, we added HBV DNA criteria (undetect-
able) for the diagnosis of NBNC-HCC because
among the 2,153 patients with HBV-HCC and the
310 patients with B1C-HCC in our detailed viral
marker study report, we identified 202 patients
(8.20%) who tested negative for HBsAg but positive
for HBV DNA.(26) The HBsAg-negative but HBV
DNA-positive patients were considered to have occult
HBV infection. Thus, the patients with NBNC-
HCC noted in the published reports might have
included a significant number of occult HBV cases,
especially in endemic areas of HBV, such as Tai-
wan.(7,8)The group of 411 patients with HCC who
tested negative for all three viral markers in our pub-
lished study series should have excluded most patients
with occult HBV infections and is therefore reliable
for further analysis on the risk factors and mecha-
nisms associated with NBNC-HCC.
In this study, we performed detailed clinical analy-

ses of the 411 patients with NBNC-HCC, focusing
on the previously mentioned metabolic risk factors,
and we compared these analyses with those of patients
with HBV-HCC or HCV-HCC. Our results indi-
cated that echography-detected fatty liver, diabetes
mellitus (DM) history, and high serum triglyceride
(TG) levels (>160 mg/dL) were significantly associ-
ated with NBNC-HCC, especially among patients
without alcoholism. This study represents the largest
scale examination to date of an HCC patient cohort
in which patients were stratified according to their
underlying etiologies and in which comprehensive
clinical data were analyzed to determine metabolic
risk factors.

Patients and Methods

PATIENTS

The TLCN published a detailed viral marker study
of 3,843 patients with HCC recruited from 2005 to
2011 in the TLCN.(26) HCC was diagnosed in these
patients through histopathological examination
(87.3%) and radiology (12.7%). Patients were divided
into four groups: HBV-HCC, HCV-HCC, B1C-
HCC, and NBNC-HCC, based on the test results for
serum HBsAg, HBV DNA, and anti-HCV antibody.
The 411 (10.69%) patients negative for all three viral
markers were grouped as NBNC-HCC. Detailed clin-
ical and epidemiologic data of all 3,843 patients with
HCC were obtained from the TLCN database to
identify the clinical features significantly associated
with NBNC-HCC compared with HBV-HCC and
HCV-HCC. These data included smoking history,
alcohol consumption, hypertension, body mass index
(BMI), echography-detected fatty liver, DM history,
and presence of cirrhosis. A nonsmoker was defined as
an individual who had never smoked or who had
smoked fewer than 100 cigarettes in his or her life.
Positive alcoholic history was defined as alcohol con-
sumption over 30 g/day for male patients and 20 g/day
for female patients when converted to ethanol.(35) Cir-
rhosis was diagnosed mainly by a histopathological
examination (82% for patients with HBV-HCC, 77%
for HCV-HCC, and 74% for NBNC-HCC). Cirrho-
sis in the remaining patients was diagnosed according
to clinical features or radiology. To reduce potential
bias from age and sex ratio discrepancies among the
groups, we randomly selected from the 3,843 patients
420 age- and sex-matched patients with HBV-HCC
or HCV-HCC who also had paraffin tissue sections,
without stratification for other clinical features.
If patients had no serum TG or cholesterol

(CHO) data available within 6 months before or
after enrollment, we examined serum levels of TG
and CHO using frozen serum samples stored in
the –808C deep freezers of the TLCN tissue bank.
TG and CHO levels have been reported to remain
stable if serum samples are preserved in –808C
deep freezers.(36) The central clinical laboratory of
Linko Chang-Gung Memorial Hospital performed
the examinations for this study. We were unable to
use the frozen serum samples to check the blood
sugar or hemoglobin alcohol level because blood
sugar and hemoglobin alcohol levels require special
preservation methods.
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HISTOPATHOLOGY OF THE
NON-NEOPLASTIC LIVER TISSUE,
FOCUSING ON FATTY CHANGE

Histopathology examination of the non-neoplastic
liver tissue with a focus on fatty change was performed on
the 294 available tissue sections of the 411 patients with
NBNC-HCC as well as on tissue sections from the 420
matched patients with HBV-HCC and the 420 matched
patients with HCV-HCC, all of whom had tissue sec-
tions from operation specimens. The proportion of fatty
change in adjacent nontumor liver tissue was evaluated by
two board-certified pathologists (Y-Y.S. and S-F.H.).
Tissue sections were stained with hematoxylin and eosin,
and fatty change was classified as four grades: 1)<5%, 2)
5%-33%, 3)>33% and<66%, and 4)�66%.

The presence of steatohepatitic features in the HCC
tumor tissue was also evaluated in all patients with
NBNC and matched patients with HBV- and HCV-
HCC who had a tumor tissue component in the
histology sections. The criteria for the diagnosis of
steatohepatitic HCC (SH-HCC) included: 1) steatosis
(>5% tumor cells with macrovesicular fatty change); 2)
ballooning or Mallory-Denk body formation is identi-
fied; 3) presence of interstitial fibrosis, and 4) presence
of inflammatory infiltrate in the tumor.(37,38)

The protocol for this study was approved by the
institutional review boards of all five hospitals in the
TLCN and National Health Research Institutes. All
patients signed an informed consent form.

STATISTICAL ANALYSIS

We used the chi-square test and Fisher’s exact test
for categorical variables. The Mann-Whitney test and
Kruskal-Wallis test were used for continuous variables
(i.e., age). A binary logistic regression test was per-
formed for multivariate analysis, and the Cochran–
Armitage test was used in trend analysis. P < 0.05 was
considered to indicate a significant difference when
comparing groups.

Results

CLINICAL CHARACTERISTICS OF
THE 411 PATIENTS WITH
NBNC-HCC

Of the 411 patients with NBNC-HCC, 327
(79.56%) were male patients and 84 (20.44%) were
female patients. Most clinical features showed no

significant sex-related differences; the exceptions were
smoking (P < 0.0001) and alcoholic history (P <
0.0001). Only 3 women were smokers or had alcohol-
ism. Additionally, DM history was significantly higher
among female patients (P 5 0.0404) (Supporting
Table S1). No underlying genetic disorder was found
in the medical records of the 411 patients with
NBNC-HCC.

HISTOPATHOLOGY OF THE
TUMOR IN ADJACENT NON-
NEOPLASTIC LIVER TISSUE AND
STEATOHEPATITIC FEATURES IN
THE TUMOR

Liver tissue with a fatty change greater than 66%
was found in 13 of the 294 patients with NBNC-
HCC, 1 of the matched patients with HBV-HCC,
and none of the matched patients with HCV-HCC.
Because this group was too small for meaningful analy-
sis, we divided fatty change into three grades for fur-
ther analysis: <5%, 5%-33%, and >33%. Clinical
features of the patients with NBNC-HCC associated
with a degree of fatty change are listed in Table 1.
Echography-detected fatty liver (P < 0.0001), BMI
(P 5 0.0003), DM history (P 5 0.0004), high TG
level (P 5 0.0150), and cirrhosis (P 5 0.0016) were all
significantly correlated with higher degrees of fatty
change in liver tissue. Alcoholic history was not
significantly associated with fatty change in liver tissue
(P 5 0.5625).
A tumor component in the histology sections for

evaluation of steatohepatitic features was found in 294
patients with NBNC-HCC, 413 patients with HBV-
HCC, and 402 patients with HCC-HCV. The inci-
dence of SH-HCC was significantly higher in
NBNC-HCC (26.87%, 79/294) than in HBV-HCC
(14.77%, 61/413) or HCV-HCC (12.44%, 50/402)
(Supporting Table S2). DM history was significantly
associated with SH-HCC in all three groups of
patients (Supporting Tables S3-S5). A higher degree
of fatty change in the non-neoplastic liver tissue was
significantly associated with SH-HCC only in patients
with HBV-HCC or HCV-HCC. The number of
female patients with HCC was significantly higher in
the SH-HCC group in patients with HCV-HCC or
NBNC-HCC. High CHO (>200 mg/dL) was not
associated with SH-HCC. In contrast, a high CHO
level was more common in patients with NBNC-
HCC without steatohepatitic features in the tumor.
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High BMI was significantly associated with SH-HCC
only in patients with HCV-HCC. Alcoholism was not
associated with SH-HCC in any of the patient groups.

COMPARISON OF AGE- AND SEX-
MATCHED PATIENTS WITH HBV-
HCC, HCV-HCC, OR NBNC-HCC

Because high viral titers may affect hepatocarcino-
genesis, we divided patients into high and low viral

titer groups to examine viral titer distribution. High
HBV DNA and HCV RNA levels were defined as
�2 3 104 IU/mL and �2.3 3 104 IU/mL, respec-
tively.(26) No significant differences were observed in
the viral titer distribution between the entire group of
patients (2,153) with HBV-HCC and the selected 420
patients with HBV-HCC (P 5 0.9161) or between
the entire group of patients with HCV-HCC and the
selected 420 patients with HCV-CC (P 5 0.2481)
(Supporting Table S6).

TABLE 1. CORRELATION OF FATTY CHANGE OF TISSUE WITH CLINICAL FEATURES OF 294 PATIENTS
WITH NBNC-HCC

Degree of Fatty Change in Tumor Adjacent to Benign Liver Tissue

Variables <5% 5%-33% >33% P*

Total patients 180 (61.22%) 66 (22.45%) 48 (16.33%)
Age 0.6670

Median(min-max) 66 (25-86) 67 (28-84) 68.5 (13-84)
Sex 0.6968

Male 145 (80.56%) 52 (78.79%) 36 (75%)
Female 35 (19.44%) 14 (21.21%) 12 (25%)

Smoking† 0.7610
Yes/Ever 96 (55.17%) 37 (56.92%) 22 (50%)
No 78 (44.83%) 28 (43.08%) 22 (50%)

Alcoholic history‡ 0.5625
Yes 53 (29.61%) 15 (22.73%) 13 (27.08%)
No 126 (70.39%) 51 (77.27%) 35 (72.92%)

Cirrhosis§ 0.0016
Yes 26 (14.53%) 19 (28.79%) 17 (35.42%)
No 153 (85.47%) 47 (71.21%) 31 (64.58%)

Fatty liver (by echography) <0.0001
Yes 30 (16.67%) 28 (42.42%) 19 (39.58%)
No 150 (83.33%) 38 (57.58%) 29 (60.42%)

BMI levelk 0.0003
Median(min-max) 23.4 (15.7-40.0) 25.0 (18.0-37.0) 26.4 (16.3-42.74)
>24, 75 (43.1%) 43 (65.15%) 31 (70.45%)
�24 99 (56.9%) 23 (34.85%) 13 (29.55%)

Hypertension¶ 0.1310
Yes 52 (29.89%) 15 (22.73%) 18 (40.91%)
No 122 (70.11%) 51 (77.27%) 26 (59.09%)

DM history# 0.0004
Yes 45 (25.86%) 24 (36.92%) 25 (56.82%)
No 129 (74.14%) 41 (63.08%) 19 (43.18%)

Cholesterol(mg/dL)** 0.8020
>200 26 (14.53%) 12 (18.18%) 7 (14.58%)
�200 153 (85.47%) 54 (81.82%) 41 (85.42%)

Triglyceride (mg/dL)** 0.0150
>160 27 (15.08%) 18 (27.27%) 15 (31.25%)
�160 152 (84.92%) 48 (72.73%) 33 (68.75%)

*P value for age comparison was determined by the Kruskal-Wallis test; variables other than age were determined by the chi- square
test and Fisher’s exact test.
†11 patients (6 fat content < 5%, 1 fat level 5%-33%, 4 fat level >33%) had no smoking data and were not included.
‡1 patient (fat content <5%) had no data of alcoholic history and was not included. Criteria for alcoholism: alcohol consumption
higher than 30 g/day for male patients and 25 g/day for female patients.
§1 patient (fat content <5%) had no cirrhosis data and was not included.
k10 patients (6 fat content < 5%, 4 fat content >33%) had no BMI data and were not included.
¶10 patients (6 fat content < 5%, 4 fat content >33%) had no hypertension data and were not included.
#11 patients (6 fat content <5%, 1 fat level 5%-33%, and 4 fat level >33%) had no data of DM history and were not included.
**1 patient (fat content <5%) had no sufficient serum sample for cholesterol and triglyceride examination and was not included.
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A detailed comparison of all clinical features among
the 411 patients with NBNC-HCC, 420 matched
patients with HBV-HCC, and 420 matched patients
with HCV-HCC is shown in Table 2.
Univariate analysis indicated that most of the meta-

bolic risk factors, including alcoholism, fatty liver (by
echography), fatty change of tissue, DM history, and

high TG level (>160 mg/dL), were significantly more
associated with patients with NBNC-HCC than with
matched patients with HBV-HCC or HCV-HCC.
After multivariate analysis, only fatty liver (by echogra-
phy), fatty change of liver tissue, DM history, and high
TG level (>160 mg/dL) remained significantly associ-
ated with NBNC-HCC.

TABLE 2. COMPARISON OF THE CLINICAL FEATURES AMONG 1,251 AGE- AND SEX-MATCHED
PATIENTS WITH HCC

HCC Patient Types PHBV* PHCV*

Variables HBV HCV NBNC Uni. Multi. Uni. Multi.

Total patients 420 (33.57%) 420 (33.57%) 411 (32.85%)
Age 0.3240 0.3000 0.5480 0.5530

Median (range) 66 (27-86) 66 (41-87) 66 (13-88)
Sex 0.9310 0.7120 0.9310 0.8990

Male 336 (80%) 336 (80%) 327 (79.56%)
Female 84 (20%) 84 (20%) 84 (20.44%)

Smoking† 0.3610 0.8700 0.5260 0.8920
Yes/Ever 213 (51.57%) 215 (52.57%) 219 (54.89%)
No 200 (48.43%) 194 (47.43%) 180 (45.11%)

Alcoholic history‡ 0.0230 0.1210 0.0140 0.3610
Yes 97 (23.15%) 95 (22.67%) 124 (30.39%)
No 322 (76.85%) 324 (77.33%) 284 (69.61%)

Cirrhosis§ 0.0010 0.0000 0.0000 0.0000
Yes 159 (37.86%) 215 (51.19%) 101 (26.93%)
No 261 (62.14%) 205 (48.81%) 274 (73.07%)

Fatty liver (by echography) 0.0030 0.0430 0.0000 0.0190
Yes 62 (14.76%) 50 (11.9%) 95 (23.11%)
No 358 (85.24%) 370 (88.1%) 316 (76.89%)

Liver tissue fat content (%)k 0.0000 0.0560 0.0000 0.0030
�33% 23 (5.49%) 19 (4.55%) 48 (16.33%)
5%-33% 97 (23.15%) 94 (22.49%) 66 (22.45%)
<5% 299 (71.36%) 305 (72.97%) 180 (61.22%)

BMI level¶ 0.0680 0.4560 0.0490 0.4220
Median (range) 23.5 (15.0-37.3) 23.5 (14.0-35.3) 24.1 (15.7-42.7)
>24 186 (45.04%) 182 (44.61%) 206 (51.63%)
�24 227 (54.96%) 226 (55.39%) 193 (48.37%)

Hypertension¶ 0.0080 0.2920 1.0000 0.3430
Yes 89 (21.55%) 122 (29.9%) 119 (29.82%)
No 324 (78.45%) 286 (70.1%) 280 (70.18%)

DM history# 0.0000 0.0300 0.0440 0.0420
Yes 83 (20.15%) 107 (26.29%) 131 (33%)
No 329 (79.85%) 300 (73.71%) 266 (67%)

Cholesterol (mg/dL)** 1.0000 0.5320 0.0000 0.0520
>200 60 (14.29%) 25 (5.95%) 59 (14.39%)
�200 360 (85.71%) 395 (94.05%) 351 (85.61%)

Triglyceride (mg/dL)†† 0.0000 0.0000 0.0000 0.0000
>160 24 (5.73%) 24 (5.73%) 70 (17.07%)
�160 395 (94.27%) 395 (94.27%) 340 (82.93%)

†30 patients (7 HBV, 11 HCV, 12 NBNC) had no available smoking data and were not included.
‡5 patients (1 HBV, 1 HCV, 3 NBNC) had no available alcoholic history data and were not included.
§36 patients with NBNC had no cirrhosis data and were not included.
kIn matched patients with HCC, only 1,131 patients (419 HBV, 418 HCV, 294 NBNC) had paraffin tissue blocks for evaluation of
fatty change of tissue.
¶31 patients (7 HBV, 12 HCV, 12 NBNC) had no BMI and hypertension data and were not included.
#35 patients (8 HBV, 13 HCV, 14 NBNC) had no data of DM history and were not included.
**1 patient with NBNC had no sufficient serum sample for cholesterol and triglyceride examination and was not included.
††Two patients (1HBV, 1HCV) had no serum sample for triglyceride examination and was not included.
Abbreviations: Multi, multivariate analysis; *PHBV, P values between NBNC and HBV; PHCV, P values between NBNC and HCV;
Uni, univariate analysis.
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We further compared these metabolic risk factors
among the 3,543 patients with HCC (excluding the
HBV1HCV patients with HCC) and found similar
results. The NBNC-patients with HCC differed
significantly from patients with HBV-HCC or HCV-
HCC in the prevalence of alcoholism, fatty liver

(by echography), high BMI (>24), and DM history by
univariate analyses (Supporting Table S7).

COMPARISON BETWEEN
PATIENTS WITH NBNC-HCC
WITH AND WITHOUT
ALCOHOLISM

Three patients with NBNC-HCC with no alcohol
consumption data were excluded from the analysis.
Male sex, smoking history, and cirrhotic rate were
found to be significantly associated with alcoholism
(Table 3). No significant differences were found in the
metabolic risk factor indices between the patients with
NBNC-HCC with or without alcoholism.

SORTING PATIENTS WITH
NBNC-HCC AND MATCHED
PATIENTS WITH HBV-HCC OR
HCV-HCC BASED ON
ALCOHOLISM AND CIRRHOSIS
FOR FURTHER COMPARISON

We divided the NBNC-HCC, matched HBV-
HCC, and matched HCV-HCC patient groups into
four groups: 1) nonalcoholic-noncirrhotic, 2)
nonalcoholic-cirrhotic, 3) alcoholic-noncirrhotic, and
4) alcoholic-cirrhotic (Fig. 1). The incidence levels of
alcoholism and cirrhosis differed significantly between
the whole group of 2,153 patients with HBV-HCC
and the matched 420 patients with HBV-HCC (P 5

0.0150). This difference may be due to the significant
variation in the age distribution between the 2,153
patients with HBV-HCC and the 411 patients with
NBNC-HCC (P 5 0.0000).(26) In contrast, the inci-
dence levels of alcoholism and cirrhosis did not differ
significantly between the entire HCV-HCC patient
cohort and the selected 420 patients with HCV-HCC
(P 5 0.5460).
Univariate and multivariate analyses of the four

groups showed that fatty liver (by echography), high
TG levels (>160 mg/dL), and DM history remained
significantly associated with NBNC-HCC in the
nonalcoholic-noncirrhotic group (Table 4). For the
nonalcoholic-cirrhotic groups, only TG levels were sig-
nificantly higher than those of patients with HCV-
HCC. For the alcoholic-cirrhotic and alcoholic-
noncirrhotic groups, no significant difference was
identified in the incidence of metabolic risk factors
between patients with NBNC-HCC and those

TABLE 3. CLINICAL FEATURES OF 399 PATIENTS
WITH NBNC-HCC GROUPED BY ALCOHOLIC

HISTORY

Alcoholic history

Variables Yes No P

Total patients* 124 (30.39%) 284 (69.61%)
Age (years) 0.1980

Median (range) 62 (28-86) 69 (13-88)
�30 1 (0.81%) 4 (1.41%)
31-40 3 (2.42%) 7 (2.46%)
41-50 14 (11.29%) 25 (8.8%)
51-60 41 (33.06%) 48 (16.9%)
61-70 37 (29.84%) 67 (23.59%)
>71 28 (22.58%) 133 (46.83%)

Sex 0.0000
Male 121 (97.58%) 203 (71.48%)
Female 3 (2.42%) 81 (28.52%)

Smoking† 0.0000
Yes/Ever 107 (86.29%) 110 (40.44%)
No 17 (13.71%) 162 (59.56%)

Cirrhosis‡ 0.0030
Yes 41 (37.61%) 58 (22.05%)
No 68 (62.39%) 205 (77.95%)

Fatty liver (by echography) 0.7030
Yes 27 (21.77%) 68 (23.94%)
No 97 (78.23%) 216 (76.06%)

BMI level§ 1.0000
Median (range) 24.1 (15.8-40.0) 24.1 (16.2-42.7)
>24 64 (51.61%) 140 (51.47%)
�24 60 (48.39%) 132 (48.53%)
Hypertension§ 0.1930
Yes 31 (25.00%) 86 (31.62%)
No 93 (75.00%) 186 (68.38%)

DM historyk 0.1340
Yes 34 (27.42%) 96 (35.66%)
No 90 (72.58%) 174 (64.44%)

Cholesterol (mg/dL)¶ 1.0000
>200 18 (14.63%) 41 (14.44%)
�200 105 (85.37%) 243 (85.56%)

Triglyceride (mg/dL)¶ 0.3950
>160 18 (14.63%) 52 (18.31%)
�160 105 (85.37) 232 (81.69%)

*3 NBNC patients had no alcoholic history data and were not
included.
†12 patients without alcoholic history had no smoking data and
were not included.
‡36 patients (15 with alcoholic history and 21 without alcoholic
history) had no cirrhosis data and were not included.
§12 patients without alcoholic history had no data about BMI
and hypertension and were not included.
k14 patients without alcoholic history had no DM history data
and were not included.
¶1 patient with alcohol drinking history had no data about cho-
lesterol and triglyceride was not included.
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matched for HBV- and HCV-HCC (Supporting
Tables S8-S10).

TREND ANALYSES FOR
ECHOGRAPHY-DETECTED FATTY
LIVER, HIGH TG LEVEL, AND DM
HISTORY AMONG PATIENTS
WITH NBNC-HCC AND
MATCHED HBV-HCC OR
HCV-HCC

Fatty liver by echography, TG level >160 mg/dL,
and DM history were repeatedly shown to be signifi-
cantly associated with patients with NBNC-HCC
compared with matched patients with HBV-HCC or
HCV-HCC; therefore, we selected these three risk
factors for trend analyses to determine if additive
effects could be identified. Patients who were normal
for all three risk factors were rated 0, patients who
were abnormal for one risk factor were rated 1, and
patients who were abnormal for two or three risk fac-
tors were rated 2. We found that greater numbers of
risk factors involved in analysis resulted in a higher
proportion of patients with NBNC-HCC (Cochran–
Armitage test, P 5 0.0000) (Fig. 2A). The same trend
analyses were performed on the four groups of patients
with HCC based on alcoholic history and cirrhotic sta-
tus, and all but the alcoholic-cirrhotic group showed
that an increasing number of risk factors resulted in a
significantly higher proportion of patients with
NBNC-HCC compared to the matched patients for
HBV-HCC and HCV-HCC (Fig. 2B-E). When we
further divided the patients with HCC according to
sex, the trends remained for the nonalcoholic-

noncirrhotic group (Fig. 3A,B). However, for female
patients in the nonalcoholic-cirrhotic group, the differ-
ence among HBV-HCC, HCV-HCC, and NBNC-
HCC was not significant (Fig. 3C,D).

Discussion
In our viral hepatitis marker study of 3,843

patients with HCC from the TLCN, the proportion
of patients with NBNC-HCC was 10.69%.(26) Simi-
larly, in Japan, an HCV-endemic area, the proportion
of NBNC-HCC was 6.8%-10% before 2000, but by
2009, this had increased to 17.3%-19%.(27-32) A retro-
spective study by Tateishi et al.(28) revealed that the
proportion of patients with HCC with nonviral etiolo-
gies increased from 10.0% in 1991 to 24.1% in 2010.
The incidence in Korea, an HBV-endemic country,
was similar (523/4,690, 11.15%).(33) These reports
suggest that nonviral HCC is becoming a significant
subgroup of HCC in areas of East Asia that were pre-
viously endemic for chronic hepatitis C or chronic hep-
atitis B and have a high incidence of viral-associated
HCC.
Most reports on patients with NBNC-HCC in East

Asia have been retrospective reviews and only assumed
that NAFLD, alcoholism, and DM might be signifi-
cant risk factors for HCC.(23-26) A limitation among
these studies of nonviral HCC is that few studies strat-
ified the patients by underlying etiology; this is essen-
tial because the etiology of the underlying liver disease
could be an important codeterminant in the clinical
disease course and the underlying molecular pathogen-
esis. Nagaoki et al.,(30) who included 1,374 patients
with HCC in their study (from 1995 to 2009),
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FIG. 1. The distribution of the HCC patients after dividing into 4 groups according to the alcoholic history and cirrhotic status. (A)
All 3,533 HCC patient including all HBV-HCC, HCV-HCC and NBNC-HCC patients. (B) The 1,251 HCC patients including
all NBNC-HCC patients and matched HBV-HCC, HCV-HCC patients.
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demonstrated that the incidence of DM, heavy alcohol
consumption, hypertension, and hyperlipidemia in 209
patients with NBNC-HCC was significantly higher
than among patients with HBV-HCC or HCV-
HCC. In the present study, we also stratified patients
based on their viral hepatitis status, but our results dif-
fered from those of Nagaoki et al. In our study, multi-
variate analyses showed that only fatty liver by
echography, DM history, and high serum TG level
were significantly associated with NBNC-HCC,
whereas alcoholism and hypertension were not. Than
et al.(4) and Kaibori et al.(31) also reported that exces-
sive alcohol consumption was not significantly

different between NBNC-HCC and HBV- or HCV-
related HCC.
Among the 3,843 patients with HCC, the propor-

tion of patients with HCV-HCC without cirrhosis
was 40.75%. For the matched 1,251 patients with
HCC, the proportion of HCV-HCC without cirrhosis
was 48.81% and the age range was 41-87 years. This
wide age range and high proportion of noncirrhosis
differ from published reports.(4,39) One explanation is
that the majority (about 90%) of patients recruited in
the TLCN were operable patients so that we could col-
lect tumor tissue samples. Therefore, many of the
patients with HCC and cirrhosis may not have been

TABLE 4. COMPARISON OF CLINICAL FEATURES AMONG 554 PATIENTS WITH NONALCOHOLIC
NONCIRRHOTIC HCC

HCC Patient Types PHBV* PHCV*

Variables HBV HCV NBNC Uni. Multi. Uni. Multi.

Total patients 197 (35.56%) 152 (27.44%) 205 (37%)
Age 0.0430 0.3490 0.8400 0.6280

Median (range) 66 (27-85) 69 (44-87) 70 (13-88)
Sex 0.1670 0.0970 0.0820 0.5000

Male 154 (78.17%) 122 (80.26%) 147 (71.71%)
Female 43 (21.83%) 30 (19.74%) 58 (28.29%)

Smoking† 0.8350 0.4220 0.5070 0.5630
Yes/Ever 75 (39.47%) 66 (44.9%) 79 (40.72%)
No 115 (60.53%) 81 (55.1%) 115 (59.28%)

Fatty liver (by sonography) 0.0030 0.0330 0.0030 0.0410
Yes 27 (13.71%) 20 (13.16%) 53 (25.85%)
No 170 (86.29%) 132 (86.84%) 152 (74.15%)

Fat content (%) in
nontumor liver tissue‡

0.0090 0.6750 0.0030 0.5010

�33% 11 (5.58%) 5 (3.31%) 24 (13.95%)
5%-33% 35 (17.77%) 33 (21.85%) 37 (21.51%)
<5% 151 (76.65%) 113 (74.83%) 111 (64.53%)

BMI level§ 0.2190 0.4980 0.3800 0.6550
Median (range) 23.1 (15-35.8) 23.2 (14.5-35.1) 23.6 (16.2-42.7)
>24 78 (41.05%) 62 (42.47%) 92 (47.42%)
�24 112 (58.95%) 84 (57.53%) 102 (52.58%)

Hypertensionk 0.0500 0.0750 1.0000 0.5750
Yes 36 (18.95%) 47 (32.19%) 62 (31.96%)
No 154 (81.05%) 99 (67.81%) 132 (68.04%)

DM history¶ 0.0020 0.1610 0.0010 0.0030
Yes 36 (19.05%) 24 (16.55%) 64 (33.33%)
No 153 (80.95%) 121 (83.45%) 128 (66.67%)

Cholesterol (mg/dL) 0.7800 0.8640 0.0150 0.0460
>200 30 (15.23%) 9 (5.92%) 29 (14.15%)
�200 167 (84.77%) 143 (94.08%) 176 (85.85%)

Triglyceride (mg/dL)# 0.0000 0.0040 0.0010 0.0260
>160 12 (6.09%) 10 (6.62%) 38 (18.54%)
�160 185 (93.91%) 141 (93.38%) 167 (81.46%)

†23 patients (7 HBV; 5 HCV; 11 NBNC) had no available smoking data and were not included.
‡520 patients (197 HBV, 151 HCV, 172 NBNC) had available paraffin tissue blocks for evaluation of tissue fatty change.
§24 patients (7 HBV, 6 HCV, 11 NBNC) had no BMI data and were not included.
k24 patients (7 HBV, 6 HCV, 11 NBNC) had no hypertension data and were not included.
¶28 patients (8 HBV, 7 HCV, 13 for NBNC) had no data of DM history and were not included.
#1 HCV patient had no serum sample for triglyceride examination and was not included.
Abbreviations: Multi, multivariate analysis; *PHBV, P values between NBNC and HBV; PHCV, P values between NBNC and HCV;
Uni, univariate analysis.
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recruited in the TLCN. The second reason could be
due to ethnic or genetic factors. Because Taiwan is an
endemic area of HBV, the possibility that occult HBV
infection plays a role may also need to be considered.
When the patients with NBNC-HCC were divided

into alcoholic and nonalcoholic groups, we found no
significant difference in the association with metabolic
risk factors. Additionally, no significant differences
were found between the patients with NBNC-HCC
and alcoholism and the matched patients with HBV-
HCC or HCV-HCC who also had a history of

alcoholism. Alcoholism is known to be associated with
a higher risk for metabolic syndromes.(40) Our data
suggest that this association is not affected by co-
existing chronic viral hepatitis.
In patients with cirrhosis with or without alcohol-

ism, fatty change of liver tissue was the only factor that
was significantly associated with NBNC-HCC by uni-
variate and multivariate analyses. Based on the histo-
logical examination, 27.5% and 28.57% of patients
with NBNC-HCC and cirrhosis without and with
alcoholism, respectively, exhibited a high degree of
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FIG. 2. Trend analyses for three risk factors, fatty liver by echography, TG level >160 mg/dL, and DM history, among 1,251
patients with HCC, which includes all patients with NBNC-HCC and the matched patients with HBV-HCC or HCV-HCC.
Patients who were normal for all three risk factors are scored as 0, patients who were abnormal for one risk factor are scored as 1, and
patients who were abnormal for two or three risk factors are scored as 2. (A) All patients with NBNC-HCC and matched patients
with HBV-HCC or HCV-HCC (n 5 1,251). (B) Nonalcoholic-noncirrhotic group (n 5 554). (C) Nonalcoholic-cirrhotic group
(n 5 355). (D) Alcoholic-noncirrhotic group (n 5 184). (E) Alcoholic-cirrhotic group (n 5 117). All four groups except the
alcoholic-cirrhotic group showed that as the number of risk factors increased so did a significant proportion of patients with NBNC-
HCC compared with the matched patients with HBV-HCC or HCV- HCC.
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fatty change in tissue (�33%). In contrast, among the
matched patients with HBV-HCC or HCV- HCC,
only up to 5.6% of patients with cirrhosis without alco-
holism and up to 4.88% of patients with cirrhosis and
alcoholism exhibited a high degree of fatty change to
tissue (�33%). These results suggest that fatty change
in tissue may be pathognomonic and play some role in
the hepatocarcinogenesis of nonviral HCC. In their
study of the mechanisms of lipotoxicity and glucotox-
icity in nonalcoholic fatty liver disease, Mota et al.(41)

described the involvement of the cytokine pathway and
caspase activation and identified the common denomi-
nator as metabolic derangement, such as glucose intol-
erance and insulin resistance in tissue. The potential
link between those cytokine pathways and hepatocarci-
nogenesis warrants further investigation.
SH-HCC has also been reported to be associated with

metabolic syndrome,(37,38) which we confirmed in this
study. However, we only identified DM history to be sig-
nificantly associated with SH-HCC in the three groups
of patients with HCC, while hypertension, high serum
CHO, and TG levels were not. Thus, our data differ

slightly from the two published reports.(37,38) Because
SH-HCC has not been found to be associated with prog-
nosis, its clinical significance will need further study.
By using trend analyses, we showed that signifi-

cantly more patients with NBNC-HCC presented
more than two abnormal metabolic risk factors com-
pared to patients in other HCC groups.
Among the four groups of patients classified on the

basis of alcoholic history and cirrhotic status, the
nonalcoholic-noncirrhotic group of patients with
NBNC-HCC exhibited the greatest difference from
the matched patients with HBV-HCC or HCV-HCC
(P 5 0.0000).
This strongly suggests that metabolic risk factors

play a significant role in hepatocarcinogenesis. The
nonalcoholic-cirrhotic group exhibited less of a differ-
ence, although still significant, with matched HBV-
and HCV-HCC groups (P 5 0.0010).
These results are reasonable because the etiology of

cirrhosis in these patients may have included other eti-
ologies, such as autoimmune hepatitis, primary biliary
cirrhosis, or genetic abnormality.
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FIG. 3. Trend analyses of the difference between sexes for three risk factors, fatty liver by echography, TG level >160 mg/dL, and
DM history, in patients with HCC. (A) Nonalcoholic-noncirrhotic male patients (n 5 423). (B) Nonalcoholic-noncirrhotic female
patients (n 5 131). (C) Nonalcoholic-cirrhotic male patients (n 5 248). (D) Nonalcoholic-cirrhotic female patients (n 5 107). Only
female patients with HCC and cirrhosis with no alcoholism showed no significant difference when compared with matched patients
with HBV-HCC or HCV-HCC.
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Occult hepatitis viral infection may also require con-
sideration. In the current study, the patients with
NBNC-HCC were negative for HBsAg, HBV DNA,
and anti-HCV antibody. We did not include the data
of hepatitis B core antibodies (anti-HBc) in these anal-
yses because related data were not included in the
medical records of the majority of patients with HCC.
However, Taiwan is an endemic area for HBV

infection, and the prevalence of anti-HBc may be high
for people born before universal vaccination was insti-
tuted (>30 years). Further analyses on the status of
anti-HBc, hepatitis B surface antibody, and tissue
HBV DNA in the 411 patients with NBNC-HCC
will follow to clarify the role of occult HBV infection
in these patients.
We were able to perform a detailed clinical analysis

of a large number of patients with HCC mainly
because of the success of the TLCN in recruiting
patients with HCC and building a comprehensive
clinical database, which includes epidemiology data
based on detailed questionnaires. In addition, the
TLCN’s liver tissue bank is large, and this enabled us
to perform a histopathological review of relevant HCC
tissues. We were also able to use serum samples from
the tissue bank to perform retrospective marker studies
for metabolic syndrome.
In conclusion, we demonstrated that the clinical

characteristics of patients with NBNC-HCC differ
from those of patients with HBV-HCC or HCV-
HCC. Metabolic risk factors, such as fatty liver (by
echography), high TG levels (>160 mg/dL), and DM
history, were significantly associated with patients with
NBNC-HCC, especially those without alcoholism and
cirrhosis. Because of the success of universal vaccina-
tion and antiviral therapy in Taiwan and East Asia,
viral HCC is decreasing. Therefore, strategies for can-
cer prevention, prediction, and surveillance for HCC
will require modification.

Acknowledgment: We thank Dr. Yen-Feng Chiu
(National Health Research Institutes) and Professor
Chien Hung Chen (National Taiwan University
Hospital) for their valuable suggestions. We also
acknowledge the strong support of the TLCN and
the five collaborating medical centers in Taiwan:
National Taiwan University Hospital, Chang Gung
Memorial Hospital Linko Branch, Taichung Veteran
General Hospital, Chang Gung Memorial Hospital
Kaohsiung Branch, and Kaohsiung Veteran General
Hospital.

REFERENCES

1) Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal

A. Global cancer statistics, 2012. CA Cancer J Clin 2015;65:87-

108.

2) Petrick JL, Braunlin M, Laversanne M, Valery PC, Bray F,

McGlynn KA. International trends in liver cancer incidence,

overall and by histologic subtype, 1978-2007. Int J Cancer 2016;

139:1534-1545.

3) Global Burden of Disease Liver Cancer Collaboration. The bur-

den of primary liver cancer and underlying etiologies from 1990

to 2015 at the global, regional, and national level: results from

the Global Burden of Disease study 2015. JAMA 2017;3:1683-

1691.

4) Than NN, Ghazanfar A, Hodson J, Tehami N, Coldham C,

Mergental H, et al. Comparing clinical presentations, treatments

and outcomes of hepatocellular carcinoma due to hepatitis C and

non-alcoholic fatty liver disease. QJM 2017;110:73-81.

5) Huang YT, Jen CL, Yang HI, Lee MH, Su J, Lu SN, et al.

Lifetime risk and sex difference of hepatocellular carcinoma

among patients with chronic hepatitis B and C. J Clin Oncol

2011;29:3643-3650.

6) Liaw YF, Tai DI, Chu CM, Lin DY, Sheen IS, Chen TJ, et al.

Early detection of hepatocellular carcinoma in patients with

chronic type B hepatitis. A prospective study. Gastroenterology

1986;90:263-267.

7) Chen DS. From hepatitis to hepatoma: lessons from type B viral

hepatitis. Science 1993;262:369-370.

8) Lu SN, Su WW, Yang SS, Chang TT, Cheng KS, Wu JC,

et al. Secular trends and geographic variations of hepatitis B virus

and hepatitis C virus-associated hepatocellular carcinoma in Tai-

wan. Int J Cancer 2006;119:1946-1952.

9) Chen CH, Huang GT, Yang PM, Chen PJ, Lai MY, Chen DS,

et al. Hepatitis B- and C-related hepatocellular carcinomas yield

different clinical features and prognosis. Eur J Cancer 2006;42:

2524-2529.

10) Ministry of Health and Welfare. https://www.mohw.gov.tw/lp-

3265-2.html. Published Sep. 7, 2016. Accessed Sep.18, 2017

11) Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS,

et al. Universal hepatitis B vaccination in Taiwan and the inci-

dence of hepatocellular carcinoma in children. Taiwan Childhood

Hepatoma Study Group. N Engl J Med 1997;336:1855-1859.

12) Chang MH, You SL, Chen CJ, Liu CJ, Lee CM, Lin SM,

et al.; Taiwan Hepatoma Study Group. Decreased incidence of

hepatocellular carcinoma in hepatitis B vaccinees: a 20-year fol-

low-up study. J Natl Cancer Inst 2009;101:1348-1355.

13) Rajbhandari R, Chung RT. Treatment of hepatitis B: a concise

review. Clin Transl Gastroenterol 2016;7:e190.

14) Liaw YF, Kao JH, Piratvisuth T, Chan HL, Chien RN, Liu CJ,

et al. Asian-Pacific consensus statement on the management of

chronic hepatitis B: a 2012 update. Hepatol Int 2012;6:531-561.

Erratum in: Hepatol Int 2012;6:809-810.

15) European Association for Study of Liver. EASL recommendations

on treatment of hepatitis C 2015. J Hepatol 2015;63:199-236.

16) Chiang CJ, Lo WC, Yang YW, You SL, Chen CJ, Lai MS.

Incidence and survival of adult cancer patients in Taiwan, 2002-

2012. J Formos Med Assoc 2016;115:1076-1088.

17) Health Promotion Administration, Ministry of Health and

Welfare. Cancer Registry Annual Report, 2011 TAIWAN. http://

www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1061&pid=6069.

Published on Nov. 4, 2014. Accessed on Sep., 2017.

HUANG ET AL. HEPATOLOGY COMMUNICATIONS, June 2018

758

https://www.mohw.gov.tw/lp-3265-2.html
https://www.mohw.gov.tw/lp-3265-2.html
http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1061&hx0026;pid=6069
http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1061&hx0026;pid=6069
http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1061&hx0026;pid=6069


18) Health Promotion Administration, Ministry of Health and

Welfare. Cancer Registry Annual Report, 2014 TAIWAN. http://

www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=269&pid=7330.

Published on May 8, 2017. Accessed in September, 2017.

19) Lin KM, Chiou JY, Ko SH, Tan JY, Huang CN, Liao WC.

Modifiable lifestyle behaviors are associated with metabolic syn-

drome in a Taiwanese population. J Nurs Scholarsh 2015;47:

487-495.

20) Hsu CS, Kao JH. Non-alcoholic fatty liver disease: an emerging

liver disease in Taiwan. J Formos Med Assoc 2012;111:527-535.

21) Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB.

Diabetes increases the risk of hepatocellular carcinoma in the

United States: a population based case control study. Gut 2005;

54:533-539.

22) Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver

disease and hepatocellular carcinoma: a weighty connection.

Hepatology 2010;51:1820-1832.

23) Duan XY, Qiao L, Fan JG. Clinical features of nonalcoholic

fatty liver disease-associated hepatocellular carcinoma. Hepatobili-

ary Pancreat Dis Int 2012;11:18-27.

24) Petrick JL, Freedman ND, Demuth J, Yang B, Van Den Eeden

SK, Engel LS, et al. Obesity, diabetes, serum glucose, and risk

of primary liver cancer by birth cohort, race/ethnicity, and sex:

multiphasic health checkup study. Cancer Epidemiol 2016;42:

140-146.

25) Zoller H, Tilg H. Nonalcoholic fatty liver disease and hepatocel-

lular carcinoma. Metabolism 2016;65:1151-1160.

26) Chang IC, Huang SF, Chen PJ, Chen CL, Chen CL, Wu CC,

et al. The hepatitis viral status in patients with hepatocellular

carcinoma: a study of 3843 patients from Taiwan Liver Cancer

Network. Medicine (Baltimore) 2016;95:e3284.

27) Hatanaka K, Kudo M, Fukunaga T, Chung H, Minami Y,

Sakaguchi Y, et al. Clinical characteristics of nonBnonC-HCC:

comparison with HBV and HCV related HCC. Intervirology

2007;50:24-31.

28) Tateishi R, Okanoue T, Fujiwara N, Okita K, Kiyosawa K,

Omata M, et al. Clinical characteristics, treatment, and prognosis

of non-B, non-C hepatocellular carcinoma: a large retrospective

multicenter cohort study. J Gastroenterol 2015;50:350-360.

29) Utsunomiya T, Shimada M, Kudo M, Ichida T, Matsui O,

Izumi N, et al.; Liver Cancer Study Group of Japan. Nationwide

study of 4741 patients with non-B non-C hepatocellular carci-

noma with special reference to the therapeutic impact. Ann Surg

2014;259:336-345.

30) Nagaoki Y, Hyogo H, Aikata H, Tanaka M, Naeshiro N,

Nakahara T, et al. Recent trend of clinical features in patients

with hepatocellular carcinoma. Hepatol Res 2012;42:368-375.

31) Kaibori M, Ishizaki M, Matsui K, Kwon AH. Clinicopathologic

characteristics of patients with non-B non-C hepatitis virus

hepatocellular carcinoma after hepatectomy. Am J Surg 2012;

204:300-307.

32) Utsunomiya T, Shimada M. Molecular characteristics of non-

cancerous liver tissue in non-B non-C hepatocellular carcinoma.

Hepatol Res 2011;41:711-721.

33) Lee SB, Kim KM, An J, Lee D, Shim JH, Lim YS, et al. Clini-

cal characteristics and potential aetiologies of non-B non-C

hepatocellular carcinoma in hepatitis B virus endemic area. Liver

Int 2016;36:1351-1361.

34) Li T, Qin LX, Gong X, Zhou J, Sun HC, Qiu SJ, et al. Hepati-

tis B virus surface antigen-negative and hepatitis C virus

antibody-negative hepatocellular carcinoma: clinical characteris-

tics, outcome, and risk factors for early and late intrahepatic

recurrence after resection. Cancer 2013;119:126-135.

35) Sanyal AJ, Brunt EM, Kleiner DE, Kowdley KV, Chalasani N,

Lavine JE, et al. Endpoints and clinical trial design for nonalco-

holic steatohepatitis. Hepatology 2011;54:344-353.

36) Yu R, Dan Y, Xiang X, Zhou Y, Kuang X, Yang G, et al. Sta-

bility of chronic hepatitis-related parameters in serum samples

after long-term storage. Biopreserv Biobank 2017;15:211-219.

37) Salomao M, Yu WM, Brown RS Jr, Emond JC, Lefkowitch JH.

Steatohepatitic hepatocellular carcinoma (SH-HCC): a distinctive

histological variant of HCC in hepatitis C virus-related cirrhosis

with associated NAFLD/NASH. Am J Surg Pathol 2010;34:

1630-1636.

38) Shibahara J, Ando S, Sakamoto Y, Kokudo N, Fukayama M.

Hepatocellular carcinoma with steatohepatitic features: a clinico-

pathological study of Japanese patients. Histopathology 2014;64:

951-962.

39) Jun TW, Yeh ML, Yang JD, Chen VL, Nguyen P, Giama NH,

et al. More advanced disease and worse survival in cryptogenic

compared to viral hepatocellular carcinoma. Liver Int 2017; doi:

10.1111/liv.13613. [Epub ahead of print]

40) Freiberg MS, Cabral HJ, Heeren TC, Vasan RS, Curtis Ellison

R; Third National Health and Nutrition Examination Survey.

Alcohol consumption and the prevalence of the metabolic syn-

drome in the U.S.: a cross-sectional analysis of data from the

Third National Health and Nutrition Examination Survey. Dia-

betes Care 2004;27:2954-2959.

41) Mota M, Banini BA, Cazanave SC, Sanyal AJ. Molecular mech-

anisms of lipotoxicity and glucotoxicity in nonalcoholic fatty liver

disease. Metabolism 2016;65:1049-1061.

Supporting Information
Additional Supporting Information may be found at

onlinelibrary.wiley.com/doi/10.1002/hep4.1182/full.

HEPATOLOGY COMMUNICATIONS, Vol. 2, No. 6, 2018 HUANG ET AL.

759

http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=269&hx0026;pid=7330
http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=269&hx0026;pid=7330
http://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=269&hx0026;pid=7330
info:doi/10.1111/liv.13613
http://onlinelibrary.wiley.com/doi/10.1002/hep4.1182/full

